This paper proposes an evaluation method to estimate the maximum response of high-rise reinforced concrete structures, considering the P-effect. This effect depends on the order of occurrence of the earthquake motions of varying strengths. Examining two events in which the earthquake motions extend to plastic deformation, the maximum response deformation can be evaluated by the accumulated values of each event. We regard two seismic responses as a consecutive seismic response and evaluate it with an estimate equation for the response increase rate. When a future seismic response does not extend into the plastically deformed region after having experienced plastic deformation previously, the future response deformation shows a different response due to residual deformation of a past earthquake. We arrange the equation to estimate the future response deformation with the quantity of standard deformation and residual deformation.
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(2) ─ 1816 ─ High-rise buildings have long-term durability. Therefore, it is necessary to evaluate the residual seismic performance of buildings after they have encountered huge earthquake motion. The response deformation of high-rise reinforced concrete structures increases by the P-effect and the hysteresis properties of the degrading stiffness, which depends on the maximum deformation. We assume two cases of the earthquake motions, namely, big and huge. Here, huge earthquake motion is assumed to be greater than big earthquake motion, and both earthquake motions are sufficiently strong to cause plastic response of the buildings. It is thought that the maximum response deformation of a building subjected to multiple earthquakes differs depending on the order of occurrence of big and huge earthquake motions.
This paper proposes an evaluation method for the maximum response considering the P-effect for high-rise reinforced concrete structures that have experienced plastic deformation, depending on the order of occurrence of different strength earthquake motions.
First, we show an evaluation method for the maximum response deformation when a huge earthquake motion occurs after a big earthquake motion. The maximum response deformation of a future earthquake can be estimated as the sum of the plastic deformation of past and future earthquakes. The maximum response deformation of reinforced concrete structures is evaluated by the cumulative value of plastic deformation. Therefore, it can be considered that the plastic deformation of a past and future earthquake is a continuous response. Based on previous studies, we proposed an estimate equation (2) for the response increase rate to evaluate the ratio of the deformation, taking into consideration the P-effect for the deformation of non-consideration, in the case of an independent earthquake motions. The response increase rate is estimated using a stability coefficient and a response ductility factor in non-consideration of the Peffect. We propose to evaluate the maximum response deformation in consideration of the P-effect by an estimate equation (2).
Next, we show an evaluation method for the maximum response deformation when a big earthquake motion occurs after a huge earthquake motion. When significant plastic deformation occurs, it is expected that the response deformation of a future earthquake will be smaller than a past deformation. In this case, the response deformation does not extend to plastically deformed region newly. Therefore, the maximum response deformation is evaluated regardless of the stability coefficient . When we assume that the strain energy to give the maximum deformation of a future earthquake motion is equivalent, its response deformation is calculated by the residual deformation of a past earthquake motion, and deformation equivalent to the quantity of strain energy. The deformation that assumed the quantity of strain energy equivalence is evaluated by its relationship to residual deformation.
We verify the estimate method of the maximum response deformation of a future earthquake from a dynamic analysis using single degree-of-freedom (SDOF) systems. Moreover, we change the order and input the earthquake motion such that the maximum ductility factor without the P-effect is assumed to be 1.0, 1.5, 2.0, and 3.0. When the earthquake motion occurs in the order of 1.0-1.5-2.0 or 1.0-1.5-3.0, the response increase rate of the response deformation that considered the P-effect approximately corresponded to the evaluation value of the estimate equation (2). However, it is necessary to note that the response increase rate is larger than that given by the estimate equation (2) when a response deviates considerably in one direction. When the earthquake motion occurs in the order of 2.0-1.5-1.0 or 3.0-1.5-1.0, we propose to estimate the maximum response deformation, taking into consideration the P-effect, with equation (16). 
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